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(54) Plasma display apparatus and image processing method thereof

(57) A plasma display apparatus is disclosed to pre-
vent an erroneous discharge when a plasma display pan-
el is driven and drive the plasma display panel at a high
speed. The plasma display apparatus comprises a plas-
ma display panel (PDP) comprising a scan electrode, a
sustain electrode and an address electrode, a scan driver
for applying a set-�up waveform which rises up to a first

voltage at a first slope and then rises up to a second
voltage at a second slope to the scan electrode during a
reset period, and an address driver for applying a first
positive polarity pulse to the address electrode while the
set- �up waveform is being applied to the scan electrode.
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Description

BACKGROUND OF THE INVENTION

Field of the Invention

�[0001] The present invention relates to display appa-
ratus and, more particularly, to a plasma display appa-
ratus.

Description of the Related Art

�[0002] Generally, a plasma display apparatus is a dis-
play apparatus comprising a plasma display panel (PDP)
for displaying an image and drivers for driving the PDP.
�[0003] In the PDP, when an inert mixture gas such as
helium- �xenon (He-�Xe), helium-�neon (He- �Ne), or the like,
is discharged, vacuum ultraviolet rays are generated to
illuminate phosphor to thereby allow displaying of imag-
es.
�[0004] The plasma display apparatus can have a thin
film and be easily enlarged in size, and due to the recent
technical developments, its image quality has been im-
proved.
�[0005] FIG. 1 shows the structure of a related art PDP.
�[0006] As shown in FIG. 1, the PDP is constructed by
coupling a front panel 100 comprising a front substrate
101, namely, a display surface on which an image is dis-
played, on which a plurality of sustain electrodes com-
prising a pair of scan electrode 102 and a sustain elec-
trode 103 are arranged, and a rear panel 110 comprising
a rear substrate 111, forming a rear surface, on which a
plurality of address electrodes 113 are arranged to cross
the plurality of sustain electrodes, in parallel with a certain
distance therebetween.
�[0007] The front panel 100 comprises the scan elec-
trode 102 and the sustain electrode 103 for mutually per-
forming a discharge in a single cell and sustaining illumi-
nation of the cell, namely, the pair of the scan electrode
102 and the sustain electrode 103 each comprising a
transparent electrode (a) made of a transparent ITO ma-
terial and a bus electrode (b) made of a metal material.
The scan electrode 102 and the sustain electrode are
covered by at least one (or more) upper dielectric layer
104 which limits a discharge current and insulates the
pair of electrodes, and a protection layer 105 is formed
by depositing a magnesium oxide (MgO) on the upper
surface of the upper dielectric layer 104.
�[0008] On the rear panel 110, a plurality of barrier ribs
112 of a stripe type (or a well type) are arranged in parallel
to form a plurality of discharge spaces, namely, discharge
cells. In addition, a plurality of address electrodes 113
for generating vacuum ultraviolet rays by performing an
address discharge are disposed in parallel with respect
to the barrier ribs 112. R, G and B phosphor 114 for emit-
ting visible light to display an image during the address
discharge is coated on the upper surface of the rear panel
110. A lower dielectric layer 115 for protecting the ad-

dress electrodes 113 is formed between the address
electrode 113 and the phosphor 114.
�[0009] FIG. 2 shows a method for implementing gray
levels of the related art plasma display apparatus.
�[0010] As shown in FIG. 2, as for a method for repre-
senting gray levels of an image of the related art plasma
display apparatus, one frame is divided into several sub-
fields each having a different number of times of illumi-
nation, and each sub- �field is divided into a reset period
(RPD) for initializing every cell again, an address period
(APD) for selecting a cell to be discharged, and a sustain
period (SPD) for implementing gray levels according to
the number of times of discharge. For example, when an
image is displayed by 256 gray levels, a frame period
(16.67ms) corresponding to 1/60 seconds is divided into
eight sub-�fields (SF1- �SF8) as shown in FIG. 2 and each
of the eight sub-�fields (SF1-�SF8) is divided into the reset
period (RPD), the address (APD) and the sustain (SPD).
�[0011] The reset period and the address period are the
same in each sub- �field. The address discharge for se-
lecting a cell to be discharged occurs by a voltage differ-
ence between the address electrode and the transparent
electrode of the scan electrode. The sustain period in-
creases at the rate of 2n (n=0, 1, 2, 3, 4, 5, 6 and 7) in
each sub- �field. Thus, the sustain period differs in each
sub-�field, based on which gray levels of an image are
represented by controlling the sustain period of each sub-
field, namely, by controlling the number of times of a sus-
tain discharge.
�[0012] FIG. 3 is a driving waveform view according to
the method for driving the related art plasma display ap-
paratus.
�[0013] As shown in FIG. 3, the plasma display appa-
ratus is driven (operated) according to the reset period
for initializing every cell, the address period for selecting
a cell to be discharged and the sustain period for sus-
taining a discharge of a selected cell, as divided.
�[0014] During a set-�up period of the reset period, a
ramp-�up waveform is applied to every scan electrode,
simultaneously, according to which a weak dark dis-
charge occurs in each discharge cell of the entire screen.
Positive polarity wall charges are accumulated in the ad-
dress electrode and the sustain electrode and negative
polarity wall charges are accumulated in the scan elec-
trode according to the set-�up discharge.
�[0015] During a set- �down period of the reset period,
the supplied ramp-�up waveform is turned to be a ramp-
down waveform as it falls starting from a positive polarity
voltage lower than a peak voltage of the ramp-�up wave-
form down to a specific voltage level below a ground
(GND) level, causing a weak erase discharge in each
cell to sufficiently erase wall charges excessively formed
in the scan electrode. Due to the set-�down discharge,
wall charges that allow stable address discharging to oc-
cur can remain uniformly in each cell.
�[0016] During the address period, a scan reference
waveform of a scan reference voltage (Vsc) is applied to
the scan electrode (Y), and a negative polarity scan volt-
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age (-�Vy) falling from the scan reference voltage (Vsc)
of the scan reference waveform is sequentially applied
to the scan electrodes (Y), and at the same time, a pos-
itive polarity data voltage corresponding to the scan volt-
age is applied to the address electrodes. As the differ-
ence between the scan voltage and the data voltage and
a wall voltage generated during the reset period are add-
ed, the address discharge occurs in the discharge cell to
which the data voltage is being applied. Wall charges,
that are sufficient to allow discharge to occur when a
sustain pulse (SUS) of the sustain voltage (Vs) is applied,
are formed in cells selected by the address discharge. A
sustain bias voltage (Vz) is supplied to the sustain elec-
trode (Z) during the set-�down period and the address
period so as not to cause an erroneous discharge with
respect to the scan electrode (Y) by reducing a voltage
difference between the sustain electrode (Z) and the scan
electrode (Y).
�[0017] During the sustain period, a sustain pulse (Sus)
of the sustain voltage (Vs) is alternately applied to the
scan electrodes and the sustain electrode. In a cell se-
lected by the address discharge, a sustain discharge,
namely, a display discharge, occurs between the scan
electrode (Y) and the sustain electrode (Z) whenever
each sustain pulse (Sus) is applied as the wall voltage
within the cell and the sustain voltage (Vs) of the sustain
pulse (Sus) are added.
�[0018] After the sustain discharge is completed, during
an erasing period, a voltage of an erase ramp (Ramp-
ers) waveform with a relatively small pulse width and volt-
age level is supplied to the sustain electrode (Z) to erase
wall charges remaining within the cells of the entire
screen.
�[0019] Recently, the distance between the scan elec-
trode (Y) and the sustain electrode (Z) is increased to
enhance brightness in driving the plasma display appa-
ratus.
�[0020] The increase in the distance between the scan
electrode (Y) and the sustain electrode can lead to en-
largement of a positive column to enhance the luminance
efficiency, but on the other hand, it inevitably causes an
increase in a driving voltage. Accordingly, there can be
a high probability that spots are generated during the
reset period to cause an erroneous discharge, and in
addition, the amount of power consumption is increased
to degrade the driving efficiency.
�[0021] Such problems will now be described in detail
by using a discharge occurrence principle in the PDP and
a hexagonal voltage curve (Vt-�Curve) used for measure-
ment of a voltage margin as shown in FIG. 4.
�[0022] FIG. 4 illustrates a distribution of a discharge
firing voltage according to a distance between elec-
trodes.
�[0023] As shown in FIG. 4, a horizontal axis indicates
a relative voltage difference between the sustain elec-
trode (Z) and the scan electrode (Y), and a vertical axis
indicates a relative voltage difference between the ad-
dress electrode (X) and the scan electrode (Y).

�[0024] The interior region of the hexagonal voltage
curve shown in FIG. 4 is where the wall charges are dis-
tributed inside the discharge cell, and no discharge oc-
curs in the region.
�[0025] A voltage Vf1 indicated in surface discharge re-
gion of a third quadrant of the voltage curve indicates a
discharge firing voltage (at which a discharge is initiated)
between the scan electrode (Y) and the sustain electrode
(Z) in case where the distance between the scan elec-
trode (Y) and the sustain electrode (Z) is relatively short.
A voltage Vf2 indicates a discharge firing voltage be-
tween the scan electrode (Y) and the sustain voltage (Z)
in case where the distance between the scan electrode
(Y) and the sustain electrode (Z) is relatively long.
�[0026] As noted in FIG. 4, the discharge firing voltage
increases in proportion to the difference of the distances
between the scan electrode (Y) and the sustain electrode
(Z), which can be expressed by equation (1) shown be-
low:
�[0027]

�[0028] As noted through equation (1) and FIG. 4, the
difference (∆V) of the discharge firing voltage is made
according to the distance between the scan electrode (Y)
and the sustain electrode (Z)
�[0029] The discharge occurring by a set-�up voltage of
the set-�up waveform applied during the set- �up period of
the reset period of the driving waveform shown in FIG. 3
in accordance with the related art will now be described
by using the hexagonal voltage curve with reference to
FIG. 5.
�[0030] FIG. 5 shows a process of a change in a cell
voltage when the set-�up voltage of the set-�up waveform
in accordance with the related art is applied to the scan
electrode (Y) according to a distance between discharge
electrodes.
�[0031] With reference to FIG. 5, a point ’A’ indicates a
wall voltage right after the sustain voltage (Vs) of the last
sustain pulse is applied to the sustain electrode (Z).
�[0032] Herein, when the ramp-�up waveform according
to the related art driving method is supplied to the scan
electrode (Y) during the set-�up period of the reset period,
a discharge cell voltage moves by way of the surface
discharge region of the third quadrant in the direction of
an arrow as shown from the point ’A’. Here, when the
discharge cell voltage reaches a boundary value of the
surface discharge region of the third quadrant, a surface
discharge occurs between the scan electrode (Y) and
the sustain electrode (Z).
�[0033] In this case, if the distance between the scan
electrode (Y) and the sustain electrode (Z) is relatively
short, the surface discharge occurs at a point ’A".
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�[0034] Meanwhile, if the distance between the scan
electrode (Y) and the sustain electrode (Z) is relatively
long, the surface discharge occurs at a point ’A"’.
�[0035] Herein, as shown, the point ’A"’ is a region
where there is a high probability that the surface dis-
charge and a facing discharge coexist.
�[0036] To sum up the above descriptions with refer-
ence to FIGs. 4 and 5, when the distance between the
scan electrode (Y) and the sustain electrode (Z) is inten-
tionally increased to enhance the luminance efficiency,
the probability that the unintentional facing discharge oc-
curs between the scan electrode (Y) and the address
electrode (X) during the set-�up period of the reset period
is relatively increased. The occurrence of the uninten-
tional facing discharge between the scan electrode (Y)
and the address electrode (X) during the set-�up period
of the re- �set period inevitably degrades the brightness of
the PDP and causes an erroneous discharge to make an
overall driving unstable.

SUMMARY OF THE INVENTION

�[0037] Accordingly, one object of the present invention
is to solve at least the problems and disadvantages of
the background art.
�[0038] Another object of the present invention is to pro-
vide a plasma display apparatus capable of improving
driving pulses applied to a scan electrode and an address
electrode.
�[0039] To achieve the above objects, there is provided
a plasma display apparatus in accordance with a first
embodiment of the present invention, comprising a plas-
ma display panel (PDP), a scan driver, and an address
driver. The PDP comprises a scan electrode, a sustain
electrode and an address electrode. The scan driver ap-
plies a set-�up waveform, which rises up to a first voltage
at a first slope and then rises up to a second voltage at
a second slope, to the scan electrode during a reset pe-
riod. The address driver applies a first positive polarity
pulse to the address electrode while the set-�set waveform
is being applied to the scan electrode.
�[0040] To achieve the above objects, there is also pro-
vided a plasma display apparatus in accordance with a
second embodiment of the present invention, comprising
a plasma display panel (PDP), a scan driver, a sustain
driver and an address driver. The PDP comprises a scan
electrode, a sustain electrode and an address electrode.
The scan driver applies a set-�up waveform, which rises
up to a first voltage at a first slope and then rises up to a
second voltage at a second slope, to the scan electrode
during a reset period. The sustain driver applies a sustain
bias waveform, which has a rising slope, to the sustain
electrode during a rear portion of the reset period and an
address period following (after) the reset period. The ad-
dress driver applies a first positive polarity pulse to the
address electrode while the set-�up waveform is being
applied to the scan electrode.
�[0041] To achieve the above objects, there is also pro-

vided a plasma display apparatus in accordance with a
third embodiment of the present invention, comprising a
plasma display panel (PDP), a scan driver, a sustain driv-
er and an address driver. The PDP comprises a scan
electrode, a sustain electrode and an address electrode.
The scan driver applies to the scan electrode a first ramp-
up waveform, which rises to a first voltage at a first slope
and then rises to a second voltage at a second slope,
during a set-�up period, a ramp-�down waveform, which
falls to a third voltage, during a set-�down period, a second
ramp-�up waveform, which rises from the third voltage to
a fourth voltage, during an address period, and then a
scan pulse which falls to a fifth voltage from the fourth
voltage. The address driver applies a first positive polarity
pulse to the address electrode while the set-�up waveform
is being applied to the scan electrode.
�[0042] In the present invention, when the PDP is driven
(operated), an occurrence of an erroneous discharge can
be prevented and the PDP can be driven at a high speed.

BRIEF DESCRIPTION OF THE DRAWINGS

�[0043] The invention will be described in detail with
reference to the following drawings in which like numerals
refer to like elements.
�[0044] FIG. 1 shows the structure of a plasma display
panel (PDP) in accordance with a related art.
�[0045] FIG. 2 shows a method for implementing gray
levels of a plasma display apparatus in accordance with
the related art.
�[0046] FIG. 3 is a view showing driving waveforms ac-
cording to a method for driving the plasma display appa-
ratus in accordance with the related art.
�[0047] FIG. 4 illustrates a distribution of a discharge
firing voltage according to a distance between elec-
trodes.
�[0048] FIG. 5 shows a process of a change in a cell
voltage when a set-�up voltage of a set-�up waveform in
accordance with the related art is applied to a scan elec-
trode (Y) according to a distance between discharge
electrodes.
�[0049] FIG. 6 shows the structure of a plasma display
apparatus in accordance with a first embodiment of the
present invention.
�[0050] FIG. 7 is a view for explaining a method for driv-
ing the plasma display apparatus in accordance with the
first embodiment of the present invention.
�[0051] FIG. 8 is a view for explaining discharge char-
acteristics obtained according to whether or not a first
positive polarity pulse is applied to an address electrode
of the plasma display apparatus in accordance with the
first embodiment of the present invention. �
FIG. 9 is a view for explaining a second positive polarity
pulse applied to the address electrode during a sustain
period when the plasma display apparatus is driven in
accordance with the first embodiment of the present in-
vention.
�[0052] FIG. 10 is a view showing a voltage curve (Vt-
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Curve) for explaining a process of a change in a voltage
within a discharge cell during a set-�up period when the
plasma display apparatus is driven in accordance with
the first embodiment of the present invention.
�[0053] FIGs. 11a and 11b are views showing driving
waveforms at a plurality of sub-�field sections when the
plasma display apparatus is driven in accordance with
the first embodiment of the present invention.
�[0054] FIG. 12 is a view showing sizes of voltages of
set- �up waveforms applied to a scan electrode in the plu-
rality of sub-�fields when the plasma display apparatus is
driven in accordance with the first embodiment of the
present invention.
�[0055] FIGs. 13a and 13b are views for explaining a
method for driving a plasma display apparatus in accord-
ance with a second embodiment of the present invention.
�[0056] FIG. 14 is a view showing a waveform applied
to a sustain electrode (Z) during a rear portion of a reset
period when the plasma display apparatus is driven in
accordance with the second embodiment of the present
invention.
�[0057] FIGs. 15a and 15b are views for explaining a
method for driving a plasma display apparatus in accord-
ance with a third embodiment of the present invention.
�[0058] FIG. 16 is a view showing a waveform applied
to a scan electrode (Y) during the rear portion of the reset
period when a plasma display apparatus is driven in ac-
cordance with the third embodiment of the present inven-
tion.
�[0059] FIGs. 17 and 18 are views for explaining noise
according to a scan reference waveform with respect to
driving waveforms of a related art and those of the
present invention.
�[0060] FIG. 19 is a view for explaining scan electrode
groups of a plasma display panel (PDP) in accordance
with the present invention.
�[0061] FIGs. 20a and 20b are views for explaining a
driving method for controlling time for applying a second
ramp-�up waveform according to the scan electrode group
in accordance with the present invention.
�[0062] FIGs. 21a and 21b are views for explaining a
driving method for differently controlling time for applying
the second ramp- �up waveform according to the scan
electrode groups in accordance with the present inven-
tion.

DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENT

�[0063] Preferred embodiments of the present inven-
tion will be described in a more detailed manner with
reference to the drawings.
�[0064] The plasma display apparatus in accordance
with the first embodiment of the present invention com-
prises a plasma display panel (PDP) comprising a scan
electrode, a sustain electrode and an address electrode,
a scan driver for applying a set-�up waveform which rises
up to a first voltage at a first slope and then rises up to a

second voltage at a second slope to the scan electrode
during a reset period, and an address driver for applying
a first positive polarity pulse to the address electrode
while the set-�up waveform is being applied to the scan
electrode.
�[0065] A peak voltage of the first positive polarity pulse
is between 1 to 1.5 times the voltage of a data pulse
applied to the address electrode during an address pe-
riod.
�[0066] The first positive polarity pulse is applied in syn-
chronization with the set-�up waveform.
�[0067] The first positive polarity pulse is applied to the
address electrode at one or more of the plurality of sub-
fields.
�[0068] The first positive polarity pulse has the largest
pulse width at a sub-�field with the lowest gray level weight
value among the plurality of sub-�fields.
�[0069] The first positive polarity pulse is applied at at
least one of first to third sub-�fields in the sequential order
beginning from the sub-�field with the lowest gray level
weight value.
�[0070] The first slope is greater than the second slope.
�[0071] The size of the first voltage is the same as that
of a voltage of a scan reference waveform applied to the
scan electrode during the address period following (after)
the reset period.
�[0072] The size of the second voltage applied to the
scan electrode at one of the plurality of sub-�fields is dif-
ferent from that of the second voltage applied to the scan
electrode at the other remaining sub- �fields.
�[0073] A sustain bias waveform having a voltage size
between 80V and 120V is applied to the sustain electrode
during the address period.
�[0074] First sustain pulses respectively applied to the
scan electrode and the sustain electrode do not overlap
with each other, and last sustain pulses respectively ap-
plied to the scan electrode and the sustain electrode do
not overlap with each other.
�[0075] While the first sustain pulse is being applied to
the scan electrode or to the sustain electrode, a second
positive polarity pulse is applied to the address electrode.
�[0076] A voltage of the second positive polarity pulse
is the same as that of the first positive polarity pulse or
that of the data pulse applied to the address electrode.
�[0077] The distance between the scan electrode and
the sustain electrode is not smaller than 90Pm but not
greater than 200Pm.
�[0078] A plasma display apparatus in accordance with
a second embodiment of the present invention comprises
a PDP comprising a scan electrode, a sustain electrode
and an address electrode, a scan driver for applying a
set- �up waveform which rises up to a first voltage at a first
slope and then rises up to a second voltage at a second
voltage to the scan electrode during a reset period, a
sustain driver for applying a sustain bias waveform with
a rising slope to the sustain electrode during a rear portion
of the reset period and an address period following the
reset period, and an address driver for applying a first
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positive polarity pulse to the address electrode while the
set- �up waveform is being applied to the scan electrode.
�[0079] The rising slope starts from a voltage higher
than a ground level.
�[0080] A plasma display apparatus in accordance with
a third embodiment of the present invention comprises
a PDP comprising a scan electrode, a sustain electrode
and an address electrode, a scan driver for applying to
the scan electrode a first ramp- �up waveform which rises
up to a first voltage at a first slope and then rises up to a
second voltage at a second slope during a set-�up period,
a ramp-�down waveform which falls down to a third voltage
during a set-�down period, applying a second ramp-�up
waveform which rises up to a fourth voltage from the third
voltage during an address period, and then applying a
scan pulse which falls down to a fifth voltage from the
fourth voltage, and an address driver for applying a first
positive polarity pulse to the address electrode while the
set- �up waveform is being applied to the scan electrode.
�[0081] A slope of the second ramp-�up waveform is
smaller than that of a sustain pulse applied during a sus-
tain period.
�[0082] The second ramp- �up waveform is sustained at
the fourth voltage during a certain period.
�[0083] The ramp-�up waveform is applied until before
a first one of scan pulses applied to the scan electrode
is applied.
�[0084] The plasma display apparatus in accordance
with the present invention will now be described in detail
with reference to the accompanying drawings.
�[0085] <First embodiment>
�[0086] FIG. 6 shows the structure of a plasma display
apparatus in accordance with a first embodiment of the
present invention.
�[0087] As shown in FIG. 6, the plasma display appa-
ratus in accordance with the first embodiment of the
present invention comprises a PDP 600, an address driv-
er 601, a scan driver 602, a sustain driver 603 and a
driving pulse controller 604.
�[0088] In the PDP 600 formed by attaching a front pan-
el (not shown) and a rear panel (not shown) with a certain
space therebetween, a plurality of electrodes, for exam-
ple, scan electrodes (Y1 to Yn) and sustain electrodes,
are formed as pairs, and address electrodes (X1 to Xm)
are formed to cross the scan electrodes (Y1 to Yn) and
the sustain electrodes (Z).
�[0089] Data, which has been reverse gamma correct-
ed and half tone corrected by a reverse gamma correction
circuit (not shown) and an error diffusion circuit (not
shown) and then mapped to each sub-�field by a sub-�field
mapping circuit, is supplied to the address driver 601.
The address driver 601 applies a certain driving voltage
to the address electrodes (X1 to Xm) during one or more
of a reset period, an address period and a sustain period.
Specifically, the address driver 601 applies a first positive
polarity pulse to the address electrode while the set-�up
waveform is being applied to the scan electrode during
the reset period, and applies data supplied during the

address period to the address electrodes (X1 to Xm) un-
der the control of the driving pulse controller 604.
�[0090] The scan driver 602 applies a certain driving
voltage to the scan electrodes (Y1 to Yn) during one or
more of the reset period, the address period and the sus-
tain period under the control of the driving pulse controller
604. Specifically, the scan driver 602 applies to the scan
electrodes (Y1 to Yn) a set-�up waveform with two slopes
during a set-�up period of the reset period and a set- �down
waveform during a set-�down period of the reset period.
The set-�up waveform refers to a waveform whose voltage
value increases gradually and the set-�down waveform
refers to a waveform whose voltage value decreases
gradually. In addition, the scan driver 602 sequentially
applies a scan pulse of a negative polarity scan voltage
to the scan electrodes (Y1 to Yn) during the address pe-
riod and applies a sustain pulse to the scan electrodes
(Y1 to Yn) during the sustain period.
�[0091] The sustain driver 603 applies a certain driving
voltage to the sustain electrodes (Z) during one or more
of the reset period, the address period and the sustain
period under the control of the driving pulse controller
604. Specifically, the sustain driver 603 supplies a sus-
tain bias waveform to the sustain electrodes (Z) during
the address period and supplies the sustain pulse to the
sustain electrodes (Z) during the sustain period by alter-
nately operating with the scan driver 602.
�[0092] The driving pulse controller 604 generates cer-
tain control signals (CTRX, CTRY and CTRZ) for con-
trolling an operation timing and synchronization of the
address driver 601, the scan driver 602 and the sustain
driver 603 during the reset period, the address period
and the sustain period, and supplies the control signals
to the address driver 601, the scan driver 602 and the
sustain driver 603, respectively, to control them.
�[0093] FIG. 7 is a view for explaining a method for driv-
ing the plasma display apparatus in accordance with the
first embodiment of the present invention.
�[0094] As illustrated, according to the method for driv-
ing the plasma display apparatus in accordance with the
first embodiment of the present invention, the set- �up
waveform which gradually rises up to a first voltage (Vsc)
at a first slope and then rises up to a second voltage
(Vsc+Vs) at a second slope is applied to the scan elec-
trode during the set-�up period of the reset period, and a
first positive polarity pulse is applied to the address elec-
trode (X) while the set-�up waveform is being applied to
the scan electrode (Y). In this case, the first positive po-
larity pulse can be a ramp waveform with a slope or can
be a square wave. In addition, a time point at which the
first positive polarity pulse is applied can be different from
or the same as a time point at which the set-�up waveform
is applied.
�[0095] An absolute value of the first slope of the set-
up waveform can be smaller than that of the second
slope, and preferably, it is greater than the second slope.
The reason for this is because a discharge does not easily
occur at the initial stage when the set-�up waveform is
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applied, the more the first slope is increased, the more
advantageous a timing margin of the reset period can be
obtained.
�[0096] The first voltage of the set- �up waveform has the
substantially same size as the scan reference voltage
(Vsc) of a scan reference waveform applied to the scan
electrode (Y) during the address period following the re-
set period, and preferably, the size is between 100V and
150V. For example, in case where a voltage of the scan
reference waveform applied to the scan electrode (Y)
during the address period is - Vsc, the size of the first
voltage is Vsc of |- �VSC|.
�[0097] The size of the second voltage of the set-�up
waveform is substantially the sum of the voltage (Vsc) of
the scan reference waveform and the sustain voltage
(Vs) applied during the sustain period, which is, prefer-
ably, between 230V and 350V.
�[0098] Compared with the set-�up waveform applied
during the reset period when the related art plasma dis-
play apparatus as shown in FIG. 3 is driven, each size
of the first and second voltage of the set-�up waveform is
relatively small. This is because a pre-�reset period during
which wall charges can be sufficiently accumulated is
additionally provided before the reset period.
�[0099] The pre-�reset period can be included in each
of the plurality of sub-�fields, and preferably, it comes be-
fore the reset period of the first sub- �field in order to obtain
a timing margin. For example, on the assumption that
one frame comprises total 12 sub- �fields from a first one
to the twelfth one in the sequential order of the size of a
gray level weight value, the pre-�reset period is included
before the reset period of the first sub-�field, namely, the
sub-�field having the lowest gray level weight value,
among the twelve sub- �fields.
�[0100] A negative polarity waveform including a ramp-
down waveform whose voltage is gradually decreased
is applied to the scan electrode (Y) during the pre- �reset
period, and a positive polarity waveform is applied to the
sustain electrode (Z). In this case, the negative polarity
waveform has the substantially same voltage as a volt-
age (- �Vy) of the scan pulse (SP) applied to the scan elec-
trode (Y) during the address period. That is, the negative
polarity waveform can be generated during the pre-�reset
period and the scan pulse can be generated during the
address period by using the same voltage source.
�[0101] The positive polarity waveform has the substan-
tially same voltage as the voltage (Vs) of the sustain pulse
applied during the sustain voltage. Likewise, a positive
polarity waveform can be generated during the pre-�reset
period and a sustain pulse can be generated during the
sustain period by using the same voltage source.
�[0102] During the pre-�reset period, positive polarity
wall charges are accumulated in the scan electrode (Y)
according to the negative polarity waveform applied to
the scan electrode (Y) while negative polarity wall charg-
es are accumulated in the sustain electrode (Z) within
discharge cells according to the negative polarity wave-
form applied to the sustain electrode (Z).

�[0103] The wall charges formed in the discharge cells
during the pre-�reset period are sustained even during the
reset period of the first sub- �field with the lowest gray level
weight value, and accordingly, although the voltage of
the set-�up waveform applied during the reset period of
the first sub-�field is set to be the sum of the scan reference
voltage (Vsc) and the sustain voltage (Vs), resetting can
be performed.
�[0104] The reason for applying the first positive polarity
pulse to the address electrode (X) is to prevent occur-
rence of an unstable discharge during the reset period,
and in this case, it is preferred that a peak voltage (Vxb1)
of the first positive polarity pulse is between 1 to 1.5 times
the data voltage (Vd) applied to the address electrode
(X) during the address period. This will now be described
in detail with reference to FIG. 8.
�[0105] FIG. 8 is a view for explaining discharge char-
acteristics obtained according to whether or not the first
positive polarity pulse is applied to the address electrode
of the plasma display apparatus in accordance with the
first embodiment of the present invention.
�[0106] FIG. 8 (a) shows strength of a set- �up discharge
within the discharge cells when the first positive polarity
pulse is not applied to the address electrode (X) in a long
gap structure in which a distance between the scan elec-
trode (Y) and the sustain electrode (Z) is longer than that
between the scan electrode (Y) and the address elec-
trode (X), and FIG. 8 (b) shows strength of a set-�up dis-
charge within the discharge cells when the first positive
polarity pulse is applied to the address electrode (X) in
the same structure.
�[0107] First, with reference to FIG. 8 (a), because the
distance between the scan electrode (Y) and the sustain
electrode (Z) is relatively long and the distance between
the scan electrode (Y) and the address electrode (X) is
relatively short, when the set-�up waveform is applied to
the scan electrode (Y) during the set-�up period of the
reset period, a facing discharge occurring between the
scan electrode (Y) and the address electrode (X) is
stronger than a surface discharge occurring between the
scan electrode (Y) and the sustain electrode (Z). Then,
problems arise that the reset discharge becomes unsta-
ble and spots are generated.
�[0108] Meanwhile, with reference to FIG. 8 (b), when
the first positive polarity pulse is applied to the address
electrode (X) while the set-�up waveform is being applied
to the scan electrode (Y), although the distance between
the scan electrode (Y) and the sustain electrode (Z) is
relatively long and the distance between the scan elec-
trode (Y) and the address electrode (X) is relatively short,
a voltage difference between the scan electrode (Y) and
the address electrode (X) when the set-�up waveform is
applied to the scan electrode (Y) during the set-�up period
of the reset period can be reduced and thus the surface
discharge between the scan electrode (Y) and the sustain
electrode (Z) can be strengthened and the facing dis-
charge between the scan electrode (Y) and the address
electrode (X) can be relatively weakened, thereby stabi-
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lizing the reset discharge and restraining generation of
spots.
�[0109] During the set-�down period after the reset pe-
riod. the set-�down waveform is applied to the scan elec-
trode and the sustain bias waveform having a voltage
not smaller than 80V but not greater than 120V is applied
to the sustain electrode, and during the address period,
a scan pulse (SP) which falls from the scan reference
voltage (Vsc) is applied to the scan electrode (Y) and the
sustain bias waveform, which has been applied during
the set-�down period, is continuously applied to the sus-
tain electrode (Z), thereby restraining generation of the
surface discharge between the scan electrode (Y) and
the sustain electrode (Z) during the address period.
�[0110] In this case, although the scan reference wave-
form (- �Vsc) has the minus level, a sufficient voltage dif-
ference can be obtained between the scan pulse (SP)
which falls to the voltage (-�Vy) from the scan reference
voltage (-�Vsc) and the data pulse applied to the address
electrode (X), and thus an electrical burden of the driving
circuit can be reduced.
�[0111] During the sustain period, a plurality of sustain
pulses (sus) are alternately applied to the scan electrode
(Y) and the sustain electrode (Z). Of the sustain pulses
applied during the sustain period, sustain pulses which
are first applied to the scan electrode and the sustain
electrode, respectively, do not overlap with each other,
and sustain pulses which are finally applied to the scan
electrode and the sustain electrode, respectively, also
do not overlap with each other. The reason for this is to
enhance the luminance efficiency and stabilize the sus-
tain discharge by applying the greater number of sustain
pulses to the scan electrode (Y) and to the sustain elec-
trode (Y) during the limited sustain period.
�[0112] When the first sustain pulse is applied during
the sustain period, the surface discharge between the
scan electrode (Y) and the sustain electrode (Z) may be-
come unstable due to an interference of the address elec-
trode (X). Thus, in order to avoid such a problem, a certain
voltage is applied to the address electrode (X) when the
first sustain pulse is applied to one of the scan electrode
(Y) and the sustain electrode (Z), to thereby stabilize the
sustain discharge.
�[0113] FIG. 9 is a view for explaining a second positive
polarity pulse applied to the address electrode (X) during
the sustain period when the plasma display apparatus is
driven in accordance with the first embodiment of the
present invention.
�[0114] With reference to FIG. 9, (a) shows that, of driv-
ing waveforms according to the method for driving the
plasma display apparatus in accordance with the present
invention, when the first sustain pulse is applied to one
of the scan electrode (Y) and the sustain electrode (Z)
during the sustain period, a second positive polarity pulse
of a positive polarity voltage (Vxb2) is applied to the ad-
dress electrode (X), and (b) shows a state of the address
electrode in the other remaining sustain pulses than the
first sustain pulse during the sustain period among the

driving waveforms according to the method for driving
the plasma display apparatus in accordance with the
present invention.
�[0115] With reference to FIG. 9 (a), in a state that the
first sustain pulse is applied to one of the scan electrode
(Y) and the sustain electrode (Z), when the second pos-
itive polarity pulse is applied to the address electrode (X),
a voltage difference between the electrode, which can
be the scan electrode (Y) or the sustain electrode (Z), to
which the first sustain pulse is being applied, and the
address electrode (X) is reduced so that the surface dis-
charge between the scan electrode (Y) and the sustain
electrode (Z) can be strengthened while the facing dis-
charge between the scan electrode (Y) and the address
electrode (X) can be weakened, thereby stabilizing the
sustain discharge.
�[0116] With reference to FIG. 9 (b), as the sustain dis-
charge is stabilized by the first sustain pulse, the following
sustain discharge occurs depending on a distribution of
wall charges within the discharge cells formed by the first
sustain pulse, and accordingly, when the sustain pulse
is supplied thereafter, the sustain discharge can occur in
a stable manner even without the second positive polarity
pulse (so, the second positive polarity pulse is omitted).
�[0117] The voltage (Vxb2) of the second positive po-
larity pulse can be the same as the voltage (Vxb1) of the
first positive polarity pulse during the set- �up period of the
reset period as described above, or can be the same as
the voltage (Vd) of the data pulse applied to the address
electrode (X) of the address period.
�[0118] As stated above, the plasma display apparatus
and its driving method in accordance with the present
invention can be more effectively applied for the long gap
structure in which the distance between the scan elec-
trode (Y) and the sustain electrode (Z) is longer than that
between the scan electrode (Y) and the address elec-
trode (X). The reason for this is because there is a high
possibility that the surface discharge between the scan
electrode (Y) and the sustain electrode (Z) becomes un-
stable due to the interference by the voltage of address
electrode (X), so under the condition, the present inven-
tion is quite effective.
�[0119] The long gap is defined as the distance between
the scan electrode (Y) and the sustain electrode (Z),
which is preferably not smaller than 90um (micrometer)
but not greater than 200 um (micrometer).
�[0120] The scan electrode (Y) and the sustain elec-
trode (Z) can comprise a transparent electrode and a bus
electrode, respectively, or can be formed only with the
transparent electrode. In this case, the distance between
the scan electrode (Y)� and the sustain electrode (Z) refers
to a shorter one of a distance between the transparent
electrodes of the scan electrode (Y) and the sustain elec-
trode (Z) and a distance between the bus electrodes of
the scan electrode (Y) and the sustain electrode (Z).
�[0121] FIG. 10 is a view showing a voltage curve (Vt-
Curve) for explaining a process of a change in a voltage
within a discharge cell during the set- �up period when the
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plasma display apparatus is driven in accordance with
the first embodiment of the present invention.
�[0122] With reference to FIG. 10, a point A1 indicates
a state of a wall voltage within a discharge cell right after
the last sustain pulse is applied to the sustain electrode
(Z).
�[0123] Thereafter, during the set-�up period, a set-�up
waveform which rises up to the first voltage (Vsc) at the
first slope starting from a ground level (GND) and then
rises up to the second voltage (Vcs+Vs) at the second
slope is applied to the scan electrode (Y), and at this
time, when the first positive polarity pulse of the positive
voltage (Vxb1) is applied to the address electrode (X),
the voltage is shifted to a point A2 within the discharge
cell. That is, as the voltage of the first positive polarity
pulse applied to the address electrode (X) is added to
the wall voltage at the point A1, the voltage is shifted to
the point A2.
�[0124] When the set-�up waveform which rises up to
the first voltage (Vsc) at the first slope starting from the
ground level (GND) and then rises up to the second volt-
age (Vsc+Vs) at the second slope is applied to the scan
electrode (Y), a cell voltage is moved in the direction of
a solid line arrow.
�[0125] At the moment when the sum of the wall voltage
(Vw) at the point A2 and the voltage (Vsc+Vs) of the set-
up waveform applied from outside exceeds a discharge
firing voltage (Vw+V2’), the set- �up discharge of the sur-
face discharge type occurs stably between the scan elec-
trode (Y) and the sustain electrode (Z) at a point A22.
�[0126] If the address electrode (X) is sustained at the
ground level (GND) during the set-�up period, when the
set-�up waveform is applied to the scan electrode (Y), the
voltage within the discharge cell is moved in the direction
of a dotted line arrow.
�[0127] At the moment when the sum of the wall voltage
(Vw) and the voltage (Vsc+Vs) of the set-�up waveform
applied from outside exceeds the discharge firing voltage
(Vw+V2), the surface discharge occurs stably between
the scan electrode (Y) and the sustain electrode (Z) at a
point A11.
�[0128] In this respect, since the point A11 is adjacent
to the facing discharge region, there is a high probability
that the facing discharge occurs unintentionally between
the scan electrode (Y) and the address electrode (X) at
the point. Considering that, generally, the facing dis-
charge has the characteristics of a strong discharge with
a large amount of illumination, the occurrence of the un-
intentional facing discharge works as a negative critical
factor to degrade the brightness of the plasma display
apparatus.
�[0129] Therefore, in the plasma display apparatus and
its driving method in accordance with the first embodi-
ment of the present invention, as described above, the
occurrence of the undesired facing discharge between
the scan electrode (Y) and the address electrode (X) dur-
ing the set-�up period can be prevented by applying the
first positive polarity pulse, namely, the positive voltage

(Vx), to the address electrode (X) before or at the time
point when the set-�up waveform is applied.
�[0130] That is, by moving the point where the surface
discharge occurs between the scan electrode (Y) and
the sustain electrode (Z) from A11 to A22, the uninten-
tional facing discharge can be prevented from occurring
between the scan electrode (Y) and the address elec-
trode (Z). In addition, as shown in FIG. 10, by moving the
point where the surface discharge occurs between the
scan electrode (Y) and the sustain electrode (Z) from A11
to A22, the size of the set-�up voltage applied to the scan
electrode (Y) to generate the set-�up discharge can be
reduced.
�[0131] This can be expressed by equation (2) shown
below.
�[0132]

�[0133] The voltage V2 is a minimum voltage value of
the set-�up waveform required for the scan electrode (Y)
for the set-�up discharge at the point A11, and V2’ is a
minimum voltage value of the set-�up waveform required
for the scan electrode (Y) for the set-�up discharge at the
point A22.
�[0134] With reference to Equation (2) and FIG. 10, ac-
cording to the driving method in accordance with the
present invention, by moving the point at which the sur-
face discharge occurs between the scan electrode (Y)
and the sustain electrode (Z) from A11 to A22 by applying
the first positive polarity pulse to the address electrode
(X) before the set- �up waveform is applied or in synchro-
nization with the set- �up waveform, the minimum voltage
value of the set-�up waveform required for the scan elec-
trode (Y) to generate the set-�up discharge can be lowered
by a voltage ∆V2.
�[0135] FIGs. 11a and 11b are views showing driving
waveforms at a plurality of sub- �field sections when the
plasma display apparatus is driven in accordance with
the first embodiment of the present invention.
�[0136] First, with reference to FIG. 11a, the set-�up
waveform which gradually rises up to the first voltage at
the first slope and then also gradually rises up to the
second voltage at the second slope to the scan electrode
(Y) during the set-�up period of the reset period at every
sub-�field of a frame, and the first positive polarity pulse
is applied to the address electrode (X) while the set-�up
waveform is being applied to the scan electrode (Y).
�[0137] While the set-�up waveform is being applied to
the scan electrode (Y) during the set-�up period of the
reset period of the first sub- �field with the lowest gray level
weight value among the plurality of the sub-�fields, the
first positive polarity pulse applied to the address elec-
trode (X) has a larger pulse width than that applied to the
address electrode (X) at a different sub-�field.
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�[0138] The reason for this is to further stabilize the sur-
face discharge between the scan electrode (Y) and the
sustain electrode (Z) at the first sub- �field because the
number of the sustain pulses applied during the sustain
period is the smallest at the first sub-�field with the lowest
gray level weight value, having a high possibility that the
discharge is unstable.
�[0139] With reference to FIG. 11b, unlike in the case
of FIG. 11a, the first positive polarity pulse is applied at
the certain number of sub-�fields selected from the plu-
rality of sub-�fields included in the frame. Namely, the first
positive polarity pulse is applied at some low gray level
sub-�fields with a relatively low gray level value among
the plurality of the sub-�fields of the frame.
�[0140] Herein, the low gray level sub-�fields are sub-
fields from the first to the second or to the third sub-�field
in the sequential order beginning from the sub-�field with
the lowest gray level weight value. For example, in case
where one frame comprises total 12 sub-�fields from the
first one to the twelfth one in the sequential order of the
size of the gray level weight value, the first sub-�field with
the lowest gray level weight value, the second sub-�field
with the second- �lowest gray level weight value, and the
third sub-�field with the third-�lowest gray level weight value
are set as the low gray level sub-�fields. Also, in this case,
while the set-�up waveform is being applied to the scan
electrode (Y) during the set-�up period of the reset period
of the first sub-�field with the lowest gray level weight val-
ue, the first positive polarity pulse applied to the address
electrode (X) has a larger width than that applied to the
address electrode at a different sub-�field.
�[0141] The reason for applying the first positive polarity
pulse only at the low gray level sub-�fields among the sub-
fields of the frame is because a sufficiently stable reset-
ting can be performed at the other remaining sub-�fields
except for the low gray level sub-�fields by using the wall
charges within the discharge cell formed in the preceding
sub-�field, so the first positive polarity pulse can be omitted
at the other remaining sub-�fields.
�[0142] As shown in FIG. 12, each size of voltages of
the set-�up waveform applied to the scan electrode (Y)
during the reset period of one sub- �field among the plu-
rality of sub-�fields constituting the frame can be set to be
different from that of the set-�up waveform applied to the
scan electrode during the reset period of a different sub-
field. Namely, among the sub-�fields of the frame, when
the size of the voltage of the set-�up waveform at the first
sub-�field is V1, the size of the voltage of the set-�up wave-
form at the second sub-�field is V2, the size of the voltage
of the set-�up waveform at the third sub- �field is V3, and
the size of the voltage of the set-�up waveform at the fourth
sub-�field is V4, each size of the voltages can be set to
be different.
�[0143] In this case, among the plurality of sub-�fields,
the size of the voltage of the set-�up waveform at the sub-
fields with the relatively low gray level weight value is
greater than the size of the voltage of the set-�up wave-
form of the other different sub-�fields with a relatively high

gray level weight value, because there is a relatively high
possibility that the discharge can be unstable at the sub-
fields with the relatively low gray level weight value.
�[0144] In the first embodiment of the present invention,
the sustain bias waveform is applied to the sustain elec-
trode (Z) starting from the set-�down period that follows
the set-�up period of the reset period, but in this respect,
for a stable discharge and quick addressing, the sustain
bias waveform may not be applied during the set- �down
period, which will now be described in a second embod-
iment of the present invention.
�[0145] <Second embodiment>
�[0146] FIGs. 13a and 13b are views for explaining a
method for driving a plasma display apparatus in accord-
ance with a second embodiment of the present invention.
�[0147] The same repeated descriptions for the method
for driving the plasma display apparatus in accordance
with the second embodiment of the present invention as
in the first embodiment of the present invention will be
omitted.
�[0148] As shown, in the plasma display apparatus in
accordance with the second embodiment of the present
invention, a set-�up waveform which gradually rises up to
a first voltage at a first slope and then gradually rises up
to a second voltage at a second slope is applied to the
scan electrode (Y) during the set-�up period of the reset
period at one or more sub-�fields among a plurality of sub-
fields of a frame, a first positive polarity pulse is applied
to the address electrode (X) while the set-�up waveform
is being applied to the scan electrode (Y), and a sustain
bias waveform (Vzb) with a rising slope is applied to the
sustain electrode during a rear portion of the reset period,
namely, before the address period starts, and the wave-
form is subsequently sustained until the address period.
At this time, the rising slope starts from a voltage higher
than the ground level.
�[0149] First, with reference to FIG. 13a, the first posi-
tive polarity pulse is applied at each of the plurality of the
sub-�fields of the frame, and likewise as in the method for
driving the plasma display apparatus in accordance with
the first embodiment of the present invention, while the
set- �up waveform is being applied to the scan electrode
(Y) during the set-�up period of the reset period of the first
sub-�field with the lowest gray level weight value, the first
positive polarity pulse applied to the address electrode
(X) has a larger width than that of the first positive polarity
pulse applied to the address electrode at the other re-
maining sub-�fields.
�[0150] Next, with reference to FIG. 13b, unlike in the
case of FIG. 13a, the first positive polarity pulse is applied
only the certain number of sub- �fields selected from the
plurality of sub-�fields included in the frame. Namely, the
first positive polarity pulse is applied to the address elec-
trode at some low gray level sub- �fields with a relatively
low gray level value among the plurality of the sub-�fields
of the frame. In this case, the low gray level sub- �fields
are sub-�fields from the first to the third sub- �field in the
sequential order beginning from the sub-�field with the

17 18 



EP 1 717 786 A2

11

5

10

15

20

25

30

35

40

45

50

55

lowest gray level weight value.
�[0151] A detailed driving waveform applied to the sus-
tain electrode (Z) during the rear portion of the reset pe-
riod will now be described with reference to FIG. 14.
�[0152] FIG. 14 is a view showing a waveform applied
to the sustain electrode (Z) during the rear portion of the
reset period when the plasma display apparatus is driven
in accordance with the second embodiment of the
present invention.
�[0153] FIG. 14 is an enlarged view of a portion ’A’ of
FIG. 13a. Before the address period starts, the sustain
bias waveform (Vzb) with the rising slope is applied to
the sustain electrode and then sustained during the ad-
dress period. In other words, the sustain electrode sus-
tains the ground level during the most part of the reset
period, and the corresponding voltage is steeply in-
creased from the ground level and then gradually in-
creased at a certain slope during the rear portion of the
reset period before the address period, and then the volt-
age is sustained at the certain bias voltage (Vzb).
�[0154] As the sustain electrode (Z) sustains the voltage
of the ground level (GND) during the most part of the
reset period, the set-�down discharge occurring at the rear
portion of the reset period can be stabilized and the ad-
dress discharge during the address period can be also
stabilized to facilitate a high speed addressing.
�[0155] In the first and second embodiments of the
present invention as described above, the scan reference
waveform which steeply rises is applied to the scan elec-
trode (Y) during the address period following the reset
period, and in this respect, a scan reference waveform
whose voltage is gradually increased, namely, a ramp-
up waveform with a slope, can be also applied to the scan
electrode (Y) for the stabilization of the discharge. This
will now be described in detail in a third embodiment of
the present invention.
�[0156] <Third embodiment>
�[0157] FIGs. 15a and 15b are views for explaining a
method for driving a plasma display apparatus in accord-
ance with a third embodiment of the present invention.
�[0158] The same repeated descriptions for the method
for driving the plasma display apparatus in accordance
with the third embodiment of the present invention as in
the first and second embodiments of the present inven-
tion will be omitted.
�[0159] As shown, in the plasma display apparatus in
accordance with the third embodiment of the present in-
vention, a first ramp-�up waveform (first ramp-�up wave-
form) which gradually rises up to a first voltage at a first
slope and then gradually rises up to a second voltage at
a second slope is applied to the scan electrode (Y) during
the set- �up period of the reset period at one or more sub-
fields among a plurality of sub-�fields of a frame, and the
first positive polarity pulse is applied to the address elec-
trode (X) while the first ramp-�up waveform is being ap-
plied to the scan electrode (Y).
�[0160] A ramp- �down waveform (second ramp-�down
waveform) which falls down to a third voltage is applied

to the scan electrode (Y) during the set-�down period fol-
lowing the set- �up period, a second ramp-�up waveform
(second ramp- �up waveform) which rises at a certain
slope from the third voltage to a fourth voltage is applied
to the scan electrode (Y), and then, a scan pulse which
falls down to a fifth voltage from the fourth voltage is
applied.
�[0161] As shown, a sustain bias waveform with a rising
slope can be applied to the sustain electrode during the
rear portion of the reset period and the address period
following the reset period, and a sustain bias waveform
which does not have a gradually rising slope can be ap-
plied to the sustain electrode.
�[0162] First, with reference to FIG. 15a, the first posi-
tive polarity pulse is applied at every sub-�field of the
frame, and likewise as in the second embodiment of the
present invention, while the set-�up waveform is being
applied to the scan electrode (Y) during the set-�up period
of the reset period of the first sub- �field with the lowest
gray level weight value, the first positive polarity pulse
applied to the address electrode (X) has a larger pulse
width than the first positive polarity pulse applied to the
address electrode at the other remaining sub-�fields.
�[0163] Next, with reference to FIG. 15b, unlike in the
case of FIG. 15a, the first positive polarity pulse is applied
only the certain number of sub- �fields selected from the
plurality of sub-�fields included in the frame. Namely, the
first positive polarity pulse is applied to the address elec-
trode at some low gray level sub- �fields with a relatively
low gray level value among the plurality of the sub-�fields
of the frame. In this case, the low gray level sub- �fields
are sub-�fields from the first to the third sub- �field in the
sequential order beginning from the sub-�field with the
lowest gray level weight value.
�[0164] A detailed driving waveform applied to the scan
electrode (Y) at a point where the address period starts
will now be described with reference to FIG. 14.
�[0165] FIG. 16 is a view showing a waveform applied
to the scan electrode (Y) during the rear portion of the
reset period when the plasma display apparatus is driven
in accordance with the third embodiment of the present
invention.
�[0166] FIG. 16 is an enlarged view of a portion ’B’ of
FIG. 15a. A ramp-�down waveform which falls down to
the third voltage is applied to the scan electrode (Y) dur-
ing the set-�down period of the reset period, and a first
ramp-�up waveform which rises at a certain slope from
the third voltage up to the fourth voltage is applied.
�[0167] When the scan reference waveform which
gradually rises from the point where the address period
starts is applied to the scan electrode (Y), a noise gen-
erated in the driving waveforms can be reduced.
�[0168] FIGs. 17 and 18 are views for explaining noise
according to a scan reference waveform with respect to
driving waveforms of a related art and those of the
present invention.
�[0169] FIG. 17 shows a noise state according to the
scan reference waveform of driving waveforms in accord-
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ance with the related art, and FIG. 18 shows a noise state
according to the present invention.
�[0170] With reference FIG. 17, as shown in (a), a time
point at which the scan reference waveform applied to
the scan electrode (Y) during the address period is the
same (ts) at every scan electrode (Y), and the voltage is
steeply increased and applied. Accordingly, as shown in
(b) of FIG. 17, noise is generated from the driving wave-
form applied to the scan electrode. Noise is generated
due to coupling through capacitance of a panel, and at
a time point when the voltage of the scan reference wave-
form is increased steeply, a rising noise is generated from
a driving waveform applied to the scan electrode (Y). The
noise electrically damages a driving element of the plas-
ma display panel, for example, a scan driver IC (Integrat-
ed Circuit) for applying scan pulses to the scan electrode
(Y).
�[0171] With reference to FIG. 18, as shown in (a), the
scan reference waveform applied to the scan electrode
(Y) during the address period includes a second ramp-
up waveform whose slope is gradually increased and
reaches the scan reference voltage (Vsc).
�[0172] The slope of the second ramp- �up waveform is
smaller than a sustain pulse applied during the sustain
period. In detail, the second ramp- �up waveform has the
smaller slope than ER-�up time of the sustain pulse. The
second ramp-�up waveform is sustained at a fourth volt-
age, namely, the scan reference voltage (Vsc).
�[0173] The second ramp-�up waveform is applied until
before a first one of scan pulses applied to the scan elec-
trode (Y) is applied. Time for applying the second ramp-
up waveform is within a range of greater than 0Ps (micro
seconds) but not greater than 20Ps, and preferably, with-
in a range of greater than 6Ps but not greater than 10Ps.
�[0174] Accordingly, the size of the noise generated by
the scan reference waveform applied to the scan elec-
trode during the address period is reduced.
�[0175] Meanwhile, in the above driving method, time
for increasing the voltage of the scan reference wave-
form, namely, the second ramp-�up waveform, applied to
every scan electrode (Y) is controlled to be the same
within the range of greater than 0Ps but not greater than
20Ps, and preferably, within the range of greater than
6Ps but not greater than 10Ps, and in this case, differ-
ently, the scan electrodes (Y) can be divided into a plu-
rality of scan electrode groups and time for applying the
second ramp-�up waveform can differ according to each
scan electrode group.
�[0176] Meanwhile, in the second and third embodi-
ments of the present invention, the voltage value of the
sustain bias waveform applied before the initial scan
pulse is steeply increased in one section and the voltage
value is gradually increased in another section. In this
respect, however, only a section in which the voltage
value is steeply increased can be formed or only a section
in which the voltage value is gradually increased can be
formed. In addition, it has been described that the time
point at which the sustain bias waveform is applied and

the time point at which the scan reference waveform is
applied are different, but the time point at which the two
waveforms are applied can be substantially the same.
�[0177] FIG. 19 is a view for explaining scan electrode
groups of the plasma display panel (PDP) in accordance
with the present invention.
�[0178] With reference to FIG. 19, the scan electrodes
(Y) of the PDP 2600 are divided into, for example, a Ya
electrode group (Ya1~Ya�(n)�/ �4), a Yb electrode group
(Yb((n/ �4)�+1) �~ Yb �(2n)�/ �4), a Yc electrode group (Yc((2n/
4)�+1)�~Yc�(3n)�/�4) and a Yd electrode group (Yd((3n/ �4)�+1)
~Yd�(n)).
�[0179] The number of scan electrodes included in each
scan electrode group (Ya~Yd electrode groups) is set to
be the same, but it can be also possible to set the number
of scan electrodes included in each electrode group
(Ya~Yd electrode groups) differently. For example, the
Ya electrode group can comprise 100 scan electrodes
while the Yb electrode group can comprise 200 scan elec-
trodes.
�[0180] The number of the scan electrode groups can
be also controlled. In addition, on the assumption that
the number of scan electrode groups is within a range of
a minimum 2 but smaller than the total number of maxi-
mum scan electrodes, namely, when the total number of
scan electrodes is ’n’, it can be set in the range of 2 ≤ N
≤ (n- �1) (N is the number of scan electrode groups).
�[0181] In this manner, time for applying the second
ramp-�up waveform to the scan electrode groups can be
controlled within a period until before the first scan pulse
is applied to the scan electrode.
�[0182] When time for applying the second ramp-�up
waveform, it is preferred to apply the ramp- �up waveform
with the same application time to every scan electrode
(Y) included in each scan electrode group. For example,
application time of the second ramp-�up waveform applied
from the scan electrode Ya1 to the scan electrode Ya�(n)
/ �4 can be set as 5Ps, and application time of the second
ramp-�up waveform applied from the scan electrode
Yb((n/ �4) �+1) to the scan electrode Yb �(2n)�/�4 can be set as
10Ps. In this manner, the application time of the second
ramp-�up waveform applied to scan electrodes belonging
to one scan electrode group are set to be the same.
�[0183] In addition, a difference between application
time of two second ramp- �up waveforms each having a
different application time can be set to be the same. For
example, with reference to FIG. 19, the application time
of the second ramp-�up waveform applied from the scan
electrode Ya1 to the scan electrode Ya�(n)�/�4 can be set
as 5Ps, application time of the second ramp-�up waveform
applied from the scan electrode Yb((n/�4)�+1) to the scan
electrode Yb �(2n)�/ �4 can be set as 10Ps, application time
of the second ramp-�up waveform applied from the scan
electrode Yc((2n/ �4)�+1) to the scan electrode Yc �(3n)�/ �4
can be set as 15Ps, and application time of the second
ramp-�up waveform applied from the scan electrode
Yd((3n/�4)�+1) to the scan electrode Yd�(n) can be set as
20Ps.
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�[0184] In other words, a difference between the appli-
cation time of the second ramp-�up waveform applied to
the Ya scan electrode group and the application time of
the second ramp-�up waveform applied to the Yb scan
electrode group is 5Ps, a difference between the appli-
cation time of the second ramp-�up waveform applied to
the Yb scan electrode group and the application time of
the second ramp- �up waveform applied to the Yc scan
electrode group is also 5Ps, and a difference between
the application time of the second ramp- �up waveform
applied to the Yc scan electrode group and the applica-
tion time of the second ramp- �up waveform applied to the
Yd scan electrode group is also 5Ps.
�[0185] In addition, a difference between an application
time of two second ramp- �up waveforms each having a
different application time can be set to be different. For
example, the application time of the second ramp-�up
waveform applied from the scan electrode Ya1 to the scan
electrode Ya �(n)�/ �4 can be set as 5Ps, application time of
the second ramp-�up waveform applied from the scan
electrode Yb((n/�4)�+1) to the scan electrode Yb �(2n)�/ �4 can
be set as 7Ps, application time of the second ramp-�up
waveform applied from the scan electrode Yc((2n/�4)�+1)
to the scan electrode Yc�(3n)�/ �4 can be set as 15Ps, and
application time of the second ramp-�up waveform applied
from the scan electrode Yd((3n/�4) �+1) to the scan elec-
trode Yd�(n) can be set as 20Ps.
�[0186] In other words, a difference between the appli-
cation time of the second ramp-�up waveform applied to
the Ya scan electrode group and the application time of
the second ramp-�up waveform applied to the Yb scan
electrode group is 2Ps, a difference between the appli-
cation time of the second ramp-�up waveform applied to
the Yb scan electrode group and the application time of
the second ramp- �up waveform applied to the Yc scan
electrode group is 8Ps, and a difference between the
application time of the second ramp-�up waveform applied
to the Yc scan electrode group and the application time
of the second ramp-�up waveform applied to the Yd scan
electrode group is 5Ps.
�[0187] FIGs. 20a and 20b are views for explaining a
driving method for controlling time for applying the sec-
ond ramp-�up waveform according to the scan electrode
groups in accordance with the present invention.
�[0188] In the method for driving the plasma display ap-
paratus in accordance with the present invention, scan
electrodes are divided into two or more scan electrode
groups comprising at least one or more scan electrodes,
and an application time of a ramp-�up waveform applied
to at least one or more scan electrodes is different from
an application time of a ramp- �up waveform applied to at
least one or more different scan electrode groups.
�[0189] As shown in FIG. 20a, the second ramp-�up
waveform which starts to rise from a time point to and
rises to a time point t1 is applied to every scan electrode
included in the Ya scan electrode group of FIG. 19 during
the address period, and the second ramp- �up waveform
which starts to rise from a time point to and rises to a

time point t2 is applied to every scan electrode included
in the Yb scan electrode group during the address period.
In addition, the second ramp-�up waveform which starts
to rise from a time point to and rises to a time point t3 is
applied to every scan electrode included in the Yc scan
electrode group during the address period, and the sec-
ond ramp-�up waveform which starts to rise from a time
point to and rises to a time point t4 is applied to every
scan electrode included in the Yd scan electrode group
during the address period,
�[0190] Though the second ramp-�up waveforms each
having the different application time are applied accord-
ing to each scan electrode group in FIG. 20a, it can be
also possible that second ramp-�up waveforms each hav-
ing a different application time is applied only to a certain
number of electrode groups among the scan electrode
groups.
�[0191] For example, a second ramp- �up waveform
which starts to rise at a time point of to and reaches the
scan reference voltage (Vsc) at the time point t1 can be
applied to every scan electrode of the Ya scan electrode
group during the address period, while a second ramp-
up waveform which starts to rise at the time point to and
reaches the scan reference voltage (Vsc) at the time point
t2 can be applied to every scan electrode of the Yb, Yc
and Yd scan electrode groups during the address period.
�[0192] In the case where the scan electrodes (Y) are
divided into the plurality of electrode groups and the sec-
ond ramp-�up waveform is applied thereto, it is preferred
that the number of the scan electrode groups are set to
be two or greater but not greater than the total number
of the scan electrodes and driven.
�[0193] Each scan electrode group can comprise one
or more scan electrodes, and all of the scan electrode
groups can comprise the same number of scan elec-
trodes or the different number of scan electrodes. For
example, the Ya scan electrode group can comprise 100
scan electrodes and the Yb scan electrode group can
comprise 200 scan electrodes.
�[0194] Preferably, a second ramp-�up waveform with
the same application time is applied to every scan elec-
trode included in the same scan electrode group. Name-
ly, application time of the second ramp-�up waveform ap-
plied to the scan electrodes from Ya1 to Ya �(n)�/ �4 can be
set to be the same as 10Ps.
�[0195] A difference between application time of two
second ramp-�up waveforms each having a different ap-
plication time can be set to be the same.
�[0196] Or, the difference between application time of
the two second ramp- �up waveforms each having the dif-
ferent application time can be set to be different, and
driving waveforms in this case will now be described with
reference to FIG. 20b.
�[0197] With reference to FIG. 20b, a difference be-
tween application time of two ramp-�up waveforms each
having a different application time is different. That is,
when a difference between an application time of the
second ramp-�up waveform applied to the Ya scan elec-
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trode group and an application time of the second ramp-
up waveform applied to the Yb scan electrode group,
namely, the difference between t2 and t1 is 5Ps, a differ-
ence between the application time of the second ramp-
up waveform applied to the Yb scan electrode and the
application time of the second ramp-�up waveform applied
to the Yc scan electrode group, namely, the difference
between t3 and t2 is set to be 7Ps and a difference be-
tween the application time of the second ramp-�up wave-
form applied to the Yc scan electrode group and the ap-
plication time of the second ramp-�up waveform applied
to the Yd scan electrode group, namely, the difference
between t4 and t3 is set to be 10Ps.
�[0198] Accordingly, the size of the noise generated due
to the ramp-�up waveform applied to the scan electrodes
during the address period as shown in FIG. 18 can be
reduced.
�[0199] In the above descriptions with reference to
FIGs. 20a and 20b, the scan electrodes (Y) are divided
into a plurality of scan electrode groups and the applica-
tion time of the second ramp- �up waveform applied to the
scan electrodes during the address period is set to be
different according to scan electrodes, and differently, it
is also possible to set each application time of the second
ramp-�up waveform applied to each scan electrode during
the address period to be different according to each scan
electrode.
�[0200] FIGs. 21a and 21b are views for explaining a
driving method for differently controlling time for applying
the second ramp- �up waveform according to the scan
electrode groups in accordance with the present inven-
tion.
�[0201] As shown in FIGs. 21a and 21b, in the method
for driving the plasma display apparatus in accordance
with the present invention, the application time of the sec-
ond ramp-�up waveform applied to the scan electrode (Y)
during the address period is controlled to be different
according to each scan electrode (Y).
�[0202] With reference to FIG. 21a, a second ramp-�up
waveform which starts to rise at the time point to and
reaches the scan reference voltage (Vsc) at the time point
t1 is applied to a scan electrode Y1 during the address
period, and a second ramp- �up waveform which starts to
rise at a time point to and reaches the scan reference
voltage (Vsc) at the time point t2 is applied to a scan
electrode Y2 during the address period. In addition, a
second ramp-�up waveform which starts to rise at the time
point to and reaches the scan reference voltage (Vsc) at
the time point t3 is applied to a scan electrode Y3 during
the address period, and a second ramp-�up waveform
which starts to rise at the time point to and reaches the
scan reference voltage (Vsc) at the time point t4 is applied
to a scan electrode Y4 during the address period. In other
words, the second ramp- �up waveform which starts to rise
at the time point to and reaches the scan reference volt-
age (Vsc) at the time point tm is applied to the Ym scan
electrode during the address period.
�[0203] Though the second ramp-�up waveforms each

having a different application time are applied according
to each scan electrode, it is also possible to select a cer-
tain number of electrodes from the scan electrodes and
apply the second ramp-�up waveforms each having a dif-
ferent application time only to the selected scan elec-
trodes.
�[0204] For example, the second ramp-�up waveform
which starts to rise at the time point to and reaches the
scan reference voltage (Vsc) at the time point t1 is applied
to the scan electrode Y1 during the address period, while
the second ramp- �up waveform which starts to rise at the
time point to and reaches the scan reference voltage
(Vsc) at the time point t2 can be applied to the scan elec-
trodes Y2, Y3, Y4 and Ym during the address period.
�[0205] In addition, the difference between application
time of two second ramp- �up waveforms each having a
different application time is the same. That is, when a
difference between an application time of the ramp-�up
waveform applied to the scan electrode Y1 and an appli-
cation of the ramp-�up waveform applied to the scan elec-
trode Y2 is 5Ps, a difference between the application time
of the second ramp-�up waveform applied to the scan
electrode Y2 and the application time of the second ramp-
up waveform applied to the scan electrode Y3 and a dif-
ference between the application time of the second ramp-
up waveform applied to the scan electrode Y3 and the
application time of the second ramp-�up waveform applied
to the scan electrode Y4 can be set to be the same as 5Ps.
�[0206] Differently, the difference between application
time of two second ramp- �up waveforms each having a
different application time can be set to be different, and
driving waveforms in this case will now be described with
reference to FIG. 21b.
�[0207] With reference to FIG. 21b, a difference be-
tween each application time of two second ramp-�up
waveforms is different. That is, when a difference be-
tween the application time of the second ramp-�up wave-
form applied to the scan electrode Y1 and the application
time of the second ramp-�up waveform applied to the scan
electrode Y2 is 5Ps, a difference between the application
time of the second ramp-�up waveform applied to the scan
electrode Y2 and the application time of the second ramp-
up waveform applied to the scan electrode Y3 can be set
as 7Ps and a difference between the application time of
the second ramp- �up waveform applied to the scan elec-
trode Y3 and the application time of the second ramp-�up
waveform applied to the scan electrode Y4 can be set as
10Ps
�[0208] Accordingly, the size of the noise generated by
the second ramp- �up waveform applied to the scan elec-
trodes during the address period can be reduced.
�[0209] The invention being thus described, it will be
obvious that the same may be varied in many ways. Such
variations are not to be regarded as a departure from the
spirit and scope of the invention, and all such modifica-
tions as would be obvious to one skilled in the art are
intended to be included within the scope of the following
claims.
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Claims

1. A plasma display apparatus in which one frame is
divided into a plurality of sub-�fields to display an im-
age, comprising:�

a plasma display panel comprising a scan elec-
trode, a sustain electrode and an address elec-
trode;
a scan driver for applying a set-�up waveform
which rises up to a first voltage at a first slope
and then rises up to a second voltage at a sec-
ond slope to the scan electrode during a reset
period; and
an address driver for applying a first positive po-
larity pulse to the address electrode while the
set-�up waveform is being applied to the scan
electrode.

2. The apparatus of claim 1, wherein a peak voltage of
the first positive polarity pulse is between 1 to 1.5
times the voltage of a data pulse applied to the ad-
dress electrode during an address period.

3. The apparatus of claim 1, wherein the first positive
polarity pulse is applied substantially in synchroni-
zation with the set-�up waveform.

4. The apparatus of claim 1, wherein the first positive
polarity pulse is applied to the address electrode at
one or more of the plurality of sub-�fields.

5. The apparatus of claim 4, wherein the first positive
polarity pulse has the largest pulse width at a sub-
field with the lowest gray level weight value among
the plurality of sub-�fields.

6. The apparatus of claim 1, wherein the first positive
polarity pulse is applied at at least one of first and
second sub-�fields or at at least one of first to third
sub-�fields in the sequential order beginning from the
sub-�field with the lowest gray level weight value.

7. The apparatus of claim 1, wherein the first slope is
greater than the second slope.

8. The apparatus of claim 1, wherein the size of the first
voltage is the substantially same as that of a voltage
of a scan reference waveform applied to the scan
electrode during the address period that follows the
reset period.

9. The apparatus of claim 1, wherein the size of the
second voltage applied to the scan electrode at one
of the plurality of sub-�fields is different from that of
the second voltage applied to the scan electrode at
the other remaining sub-�fields.

10. The apparatus of claim 1, wherein a sustain bias
waveform having a voltage size between 80V and
120V is applied to the sustain electrode during the
address period.

11. The apparatus of claim 1, wherein first sustain pulses
respectively applied to the scan electrode and the
sustain electrode do not overlap with each other, and
last sustain pulses respectively applied to the scan
electrode and the sustain electrode do not overlap
with each other.

12. The apparatus of claim 1, wherein while the first sus-
tain pulse is being applied to the scan electrode or
to the sustain electrode, a second positive polarity
pulse is applied to the address electrode.

13. The apparatus of claim 12, wherein a voltage of the
second positive polarity pulse is the substantially
same as that of the first positive polarity pulse or that
of the data pulse applied to the address electrode.

14. The apparatus of claim 1, wherein the distance be-
tween the scan electrode and the sustain electrode
is not smaller than 90Pm but not greater than 200Pm.

15. A plasma display apparatus in which one frame is
divided into a plurality of sub-�fields to display an im-
age, comprising:�

a plasma display panel comprising a scan elec-
trode, a sustain electrode and an address elec-
trode;
for applying a set-�up waveform which rises up
to a first voltage at a first slope and then rises
up to a second voltage at a second voltage to
the scan electrode during a reset period;
a sustain driver for applying a sustain bias wave-
form with a rising slope to the sustain electrode
during a rear portion of the reset period and an
address period that follows the reset period; and
an address driver for applying a first positive po-
larity pulse to the address electrode while the
set-�up waveform is being applied to the scan
electrode.

16. The apparatus of claim 15, wherein the rising slope
starts from a voltage higher than a ground level.

17. A plasma display apparatus in which one frame is
divided into a plurality of sub-�fields to display an im-
age, comprising:�

a plasma display panel comprising a scan elec-
trode, a sustain electrode and an address elec-
trode;
a scan driver for applying to the scan electrode
a first ramp- �up waveform which rises up to a first
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voltage at a first slope and then rises up to a
second voltage at a second slope during a set-
up period, a ramp-�down waveform which falls
down to a third voltage during a set-�down period,
applying a second ramp- �up waveform which ris-
es up to a fourth voltage from the third voltage
during an address period, and then applying a
scan pulse which falls down to a fifth voltage
from the fourth voltage; and
an address driver for applying a first positive po-
larity pulse to the address electrode while the
set-�up waveform is being applied to the scan
electrode.

18. The apparatus of claim 17, wherein a slope of the
second ramp-�up waveform is smaller than that of a
sustain pulse applied during a sustain period.

19. The apparatus of claim 17, wherein the second
ramp-�up waveform is sustained at the fourth voltage
during a certain period.

20. The apparatus of claim 17, wherein the ramp-�up
waveform is applied until before a first one of scan
pulses applied to the scan electrode is applied.
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